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Screening and bioinformatics analysis of key autophagy-related genes in alcoholic hepatitis
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[ Abstract ] Objective To screen key autophagy-related genes in alcoholic hepatitis (AH) and investigate potential
biomarkers and therapeutic targets for AH. Methods Two AH gene chips in Gene Expression Omnibus (GEO) and
autophagy-related data sets obtained from MSigDB and GeneCards databases were used, and the key genes were verified
and obtained by weighted gene co-expression network analysis (WGCNA). The screened key genes were subject to gene
ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), protein-protein interaction (PPI) and immune
infiltration analyses. Messenger RNA (mRNA)- microRNA (miRNA) network was constructed to analyze the expression
differences of key autophagy-related genes during different stages of AH, which were further validated by real-time
fluorescence quantitative polymerase chain reaction (RT-qPCR) in the liver tissues of AH patients and mice.
Results Eleven autophagy-related genes were screened in AH (EEF1A2, CFTR, SOX4, TREM2, CTHRCI1, HSPBS,
TUBB3, PRKAA2, RNASE1L, MTCL1 and HGF), all of which were up-regulated. In the liver tissues of AH patients and
mice, the relative expression levels of SOX4, TREM2, HSPB8 and PRKAA?2 in the AH group were higher than those in
the control group. Conclusions SOX4, TREM2, HSPB8 and PRKAA2 may be potential biomarkers and therapeutic

targets for AH.

[ Key words ] Alcoholic hepatitis; Autophagy; Key gene; Bioinformatics; Weighted gene co-expression network
analysis (WGCNA); Gene ontology (GO); Kyoto Encyclopedia of Genes and Genomes (KEGG); Protein-protein

interaction (PPI)

WS PEIT 48 (alcoholic hepatitis, AH ) ik
JHG 9 2t I R R BT, LR e AL b 22 R 25 2
B, BRI ESN, W SWREES RIS, S
. BRITARTE . RAESEA B, REER I8 M IR
SGHUFF ML . FFEIL AT 208, ARl ek
JEE R AR AR, R AH MGy 7Y,
Yk e 2 AL ol A R S MU B, P RETR 2E
JER AR RS A v] LA 5 25 03697 O
JE AH B RAEER, B &N F AR AR AT
B 52 PR > A4 S8 AT I R A TR 1 B R
IR0, B, YT EHRRB AH BT T

B WETEAE R AN M N RS | TR Aol S AN Ak
35 7 T R PR T T DI S 0 240 AR A
W SRV . AR T AR RS R RN, B
WG T 5% P 200 0 iy TS 2 DGR E TR, K3
YOI F v, TR S T bR R 0 i S
R AT BESG AW, PEI JSBRZ I 2R A R AR
BIRIIRRY . SR EMRE X AH B RUL,  H WX
ATPRG A R B AR A5 22 O P M A g ] RE
AH PIRTT RIS SR B W5 RS HE I 48 =2 ] ) 2L
PREEHLE A IR . AP LE S AW (s B2y
B, CBRERS R AT R AN A WESEA T3S AT, BRE S

AH HIEAHCRFER Y BTRe It AH B3 BiE 1
bR R SARIT Y BN G AH 2
W s XU T A KA MEARa 7 O S il e $ it 1
WIS PSR T %6 o
1 M5 7k
1.1 AH & FEIRER

BB MNFHFFEILZES (Gene Expression Omnibus,
GEO ) ¥¥#%'E /7 ™uk (https://www.ncbi.nlm.nih.gov/
geo/) T T AH B EdiEsE (GSE28619. GSE142530)
L FCR L i RACHE SCF . GSE28619 135 22 M
ARMFEF AT, AL 15 A AH AR 7 AN IR T
JEREA, GSE142530 f 28 AMFEA, A4 10 4
AH BRI 12 AN IEHAFEREA, DAL 6 AT REALAEA
1.2 EYEBRFESWAE
1.2.1 AREKZAZF04 i GEO2R THIEFT/>
Mo Killog,FC>1 H. P<0.05 BRI G 25 57 ik 5
( differentially expressed gene, DEG) . M
GeneCards ( https://www.genecards.org/ ) #1 MSigDB
( https://www.gsea-msigdb.org/gsea/msigdb ) B %E
WP E] 10 392 DA 646 A F AR 55 A
(autophagy-related gene, ARG ) . DEG F1 ARG Z


mailto:zhjeff72@sina.com
mailto:zhjeff72@sina.com
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.genecards.org/
https://www.gsea-msigdb.org/gsea/msigdb
https://www.gsea-msigdb.org/gsea/msigdb
https://www.gsea-msigdb.org/gsea/msigdb

e R

LAARE

] — 350 1) 5 PRI 3 oy 26 S PR SRR Y | A DG [
( differentially expressed autophagy-related gene,
DEARG) . ffi[f] R &/ (A 3.6.3) GIEEAKE] . k
A,
1.2.2 Ak B EREM% 5 FIH R B
AH Py R H R M 4 70 Hr ( weighted gene co-
expression network analysis, WGCNA ) FiAHE., K
LiEZE WGCNA ik i 5 AH ARy £ |
DEG Fl ARG, i F =5 B 73 prix =35 2 [l A 2L ]
o ZGRIT 5 AH B AR 11 4> SCHE B WA
FHEA (hub JEH )
123 *#AREFAQRAMEZERANEGGHE NTIR
AMFFEX 11 A H LR A D REM 24, >R TRING %X
P&J% (https://string-db.org/ ) , fEH) R A T
H W 3t K A & 1 A B AE A (protein-protein
interaction, PPI) M%%.
124 ARAGFRALRE ARAEHAHERS
EoHr M R BT IEF AR (gene ontology,
GO ) MuE#EHNSENHAAR 2T (Kyoto
Encyclopedia of Genes and Genomes, KEGG ) il }§ &
LM, REIEJGHY P<0.05 W24 Giitar i X,
125 %sziEs4r ki CIBERSORT Bikk
TR T A . B 400 . E g ss o
PEAMIZS AU L), B ssGSEA Bk A
A AR OCEE R SR R s A48, DI T fi e
L AEAEAS P A S AR TGP . 7 58 B CIBERSORT Al
ssGSEA 1185, #f47 THXM AT . ZR 005,
DAFRIE S 0 5 [ Wt i PR =2 [ Y DK
1.2.6 @ArEAR% AR MIIEA R AH RE3HEARZ
ot Bl AN A SRR A BE4E GSE155907
1 GSE143318 SR UEAMFERHELER 11 4> H BERE Y
2R RIBEN, HTRF AEEERTE AH 19284k,
L GSE103580 £ 4Rk XT 11 A~ A W BE P 7
AH AN [FlE e AR B v i SRk e T 0 ), B9 11 A
Wit K& PR A7E A [6] 3 3 v i R Gk 2 4k o i 1] Mann-
Whitney U K36 F1 0] ¥ 4L T H k431 GSE155907 .
GSE143318 1 GSE103580 [%d, i — LR 5
11 A A WESEE A AH i 3R RRAE L5 R R 1Y)
KRHK
1.2.7 mRNA-miRNA ¥ F %65 #3%  {fi ] miRNet
2.0 (https://www.mirnet.ca/ ) Fiill 438 A 5 R 5 H:
HU7/N RNA (microRNA, miRNA, miR ) 5% 5%

F (transcription factor, TF) Z M EAEH. KI5
#H7 {518 RNA (messenger RNA, mRNA ) -miRNA
I mRNA-TF 8% M 2% K 14 mRNA | miRNA Al
TF ZIERIAHEAER, 158 AH A 7E e i B
J& {8 A mirPathv.3 Z48 122 6 SEFUN A5 2] 9 miRNA
AT E R
128 SHRAZFTEHIRESBHAL PP
RNA Jf-fiff i 39 5 5 i ) & 30 7% S U B 4 DNA
( complementary DNA, cDNA ) . HRIESZAIZEEE
SRR A S S (real-time fluorescent
quantitative polymerase chain reaction, RT-qPCR ) iz
UL 1T RT-qPCR. RH 27249 1158 mRNA
FRIAH XS 2B K-
1.3 BEASRIRER EZiRH
1.3.1 #ARR  EHUS 4] AH SBERIFF 6 fifd 5
EFARA . AdEbRifE: 2022 4E 1 A 1 HE 2023 4F
6 J1 30 HAEH L K2 B 55 = B2 Be IF R A Pt A7
TR R T R Y 32 & K R fib s, 32 % A i
18~75 % . HEBRbrie: fbF =75 % | SEEARNZE ML
JHIFRAE LSRRG AR A . SRAEC A Il
BT 25 — BE BEAC BT A Z2 DL 2 it (/B3R5 PR
Bt =EE 8 [2022]02-122-01) . firFi & 5HF5E0 B 5%
F T AMER R

TeHEE R IFEAR (specific pathogen free, SPF) 2%
6~8 JEll¥ CS7BL/6J Wit/ NS H T AR 25 A Wt
BARAF . AH RN HE S SOk [26], Wit
& IEbs CFIEFE 8. JFPhResas . JIFHZUIR
R DR . P ZURIFIEEE ) BRIER ALY,
TEHL 8 1] AH ASERL/INERUAN 8 {51 1E /N BRI IERE AR
S S C AT P LR E R R 5 = S B A PR A 22 O
SHOAtE (HEMES . TACVC-F3-20-6517) .
132 E&XA WG & (IR CRHRAEY) T
AR, AGI1711) ; RT-qPCRIXHFI& (FFA
WS AR R R A IR A, Q711-02)
14 ZitFEHRE

KH R M (A 4.1.3) #7820, 45
B IR TR BORER B pr e 22 808, 2]
FEBECR ] e K50 s AP A IS 1y wopER
S CT o, Erorfig) Eas, dHiE
¥ H Mann-Whitney U #54% . P<0.05 h 25 G501


https://string-db.org/
https://string-db.org/
https://string-db.org/
https://www.mirnet.ca/

LR

SOBAE. OREVERT 2 A W OCBERE R 4 18 B AR W15 2 o i

- 03 .

2 % R

2.1 DEARG HI&E

KT VAR E N BRI E R M, X GSE28619.,
GSE142530 4L 17 £ 540 Hr (principal
component analysis, PCA) , Z55 W% S %
Rif (KI1A. B) . ZR KX ER, #
GSE28619 1 AH 41 5% 4134 1 569 4~ DEG, H
856 AL LM, 713 MEEETIE (K 1C) 5 1
GSE142530 H' AH 41 5%t 40 4LF 3 242 4~ DEG,
Hor 1756 AN FER FIE, 1486 NEEFTFHE (K 1D) o
[FIIF, XX A ERE T WGCNA, B 1E. F Al
B 1G . H 2350k B R i) SRR T R L R AR B 511
PREFIEAEOCI IR o SR BB SrEG H 11 A4
14 LB (B 1G. H) , EE 1G hist s
LS AH SEHIE (RP0.6, P<0.01) , £E/E 1H H
R AR AH SEEAHDC (RPF0.6, P<0.001) ,

A .
" 4 ! 4
“ R Tl T o AHAL - : o AH#AL
hoe [y 150 ! . X HRZH
~ -0 i il H — | | —
1 { o o
g e It EIOO l =
C W i = 50 i =
— =50 il L 0 - i —
9 (A n m O ! 200~
i N (o]
~100 i £ -50 i 4100 g

-100

-150 -150 6300
—150 100 0 100 200 300 400 5

PC1 (21.21%)

R IHCKE X 4 AMBHR R ISR AH A SESE A
2.2 AH ¥ ARG WEEMEESH
M GeneCards Al MSigDB % & & 43 5 T 2%
10 392 /™Al 646 4~ ARG, 5 DEG fl WGCNA 4511
Bosg g, e T 11 AEREB—8 LK DEARG
(EEF1A2, CFTR., SOX4, TREM2, CTHRCI,
HSPB8., TUBB3, PRKAA2., RNASEl, MTCLI,
HGF) , 2l 7+ 2K (K 2A) . 1141 DEARG £
GSE28619 il GSE142530 F (1) 3 1k $4 & 43 51 WL &
2B. C, 114> DEARG 7E4: ik I (%07 & UL & 2D,
345 11 4~ DEARG J&, 7E STRING {fs )28 ey et —
MUEIX 11 ANFEEH A PPT ML IR R B2 e
FIAHEAER (FE 2E) . KEGG i i & S04l 1 i
N, B RE TR L& E I O (forkhead
box protein O, FoxO ) {5 5. Apelin {558 H .
BERWE LIS -3-3% 8% ( phosphatidylinositol-3-kinase,
PI3K ) -EHi#%MHs B ( protein kinase B, Akt) {5518

o i 'T’Si‘ 'TIFJ 20+ o [ o RAE ‘OTiJ?‘J
| I |
i [ |
<o g i
[ S - - !
04 Fi: 713.' L. 856

PCI (33.07%) B 0 5 -3 0 3
@ log, (f4CEfE ) © og, (fxsezte) . D)
S T I e ATl SEFRHe 5 I PRI A SEEHe IR
gl b - - 1 . 1
BRI A | PR i B LI W@ﬁﬂﬂl @i ) At nEs
: fi SeLT
: 2 R LG
, - : B . TR . \5
sossys BRI — LT M
AR \ TR T
(1) ® e ﬁ%&m&l
—— ST b
» FERPRE &%@éﬂ - &iﬁﬁm
: R (0.9) 0 (AR 05
08 eLrey | &t &5 ﬁ‘éﬁ;ﬁi
B B G e 0% B
1z SRR 3 q fased o | TR -0.13 0.13 ﬁﬁﬁﬁ%. 1
04 s T (c6) (5] PR ES
P e e \ ,
ool ] R A
sk BCRTE SR
(a0) |
AR
") ® © G)

. A EH GSE28619 [1 PCA 4%

; B &I GSE142530 1 PCA £55%; C EIh kL E B~ GSE28619 H11¥ DEG; D K

Akl E s GSE142530 HAY DEG; E B2 GSE28619 BiiaE ih i RN AFPIRFIE T AR EE RS (1-TOM) ; F R
GSE142530 K455 v i Fe ] AU BEIR TSR R 2 (1-TOM ) 5 G B4 GSE28619 $iE 5 RN Rk 5 AH A
KPR ;. H ESh GSE142530 BEsE hRE N B 5 AH fHAE

1 AH HXXEERRFHE

Figure 1 Screening of key genes associated with AH
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Figure 2 Screening and functional analysis of ARG associated with AH
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